Captive Callitrichids frequently suffer a fatal wasting disease, wasting marmoset syndrome (WMS), of unexplained cause. This paper describes studies on the erythrocytes from animals in a breeding colony of tamarins (Saguinus labia/us), in which deaths from anaemia and wasting were occurring, to seek evidence for biochemical changes which could lead to oxidative damage and premature cell lysis. In only one animal of 33 studied did the red blood cell lipids show an increased susceptibility to oxidative damage. This animal, with some degree of certainty, could be diagnosed as having WMS. It was concluded that evidence for a primary deficiency of antioxidants as a cause of unexplained deaths, or WMS, in the colony could not at present be substantiated.
The term 'wasting marmoset syndrome' (WMS) has been widely used to describe an unexplained, often fatal, condition of marmosets and tamarins which fail to thrive and progressively lose weight, some 25%-50% of the bodyweight before death (Chalifoux et aI., 1982) , and become emaciated. The syndrome is characterized by a variety of clinical signs, particularly weakness, weight and hair loss and muscle atrophy. Other common findings include diarrhoea, anaemia, haemosiderosis, nephritis, hepatic and colonic lesions and red cell inclusions (Heinz bodies) (King, 1976; Shimwell, Warrington & Fowler, 1979; Chalifoux et al., 1981; Chalifoux et al., 1982) .
The aetiology of this disorder is not known although it is generally considered to be a nutritional and/or metabolic problem. Occasionally the condition can be reversed by increasing the protein content of the diet (Shimwell et al., 1979; Brack & Rothe, 1981) 
or by injections with vitamin E and
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selenium, and there is one report that it can be prevented by increasing the dietary intake of vitamin E and selenium (Chalmers, Murgatroyd & Wadsworth, 1983) . Necropsy findings are variable, the pathology is ill defined and the cause of death not always immediately apparent. Baskin and coworkers (1983) recently described a haemolytic syndrome in a colony of tamarins (SaguinLlS labia/us) in which muscle wasting, weight loss and high mortality were prominent features of the disease. In common with owl monkeys, injections with vitamin E and selenium were partly successful in reversing or preventing the process, but unlike the owl monkeys the tamarins had low levels of serum vitamin E before treatment (Sehgal e/ al., 1980) . In the present study red blood cells (RBCs) from a breeding colony of tamarin monkeys (S. labiatus), in which deaths from anaemia and wasting were occurring, were oxidatively stressed in vitro with hydrogen peroxide. An increased susceptibility of cell lipids to oxidize under these conditions might be taken as an indication of how cell destruction could occur in vivo following oxidative insult.
The polyunsaturated fatty acid side-chains of membrane phospholipids are particularly susceptible to oxidative damage, and vitamin E is known to act as an effective and important chain-breaking antioxidant within biological membranes (Tappel, 1962; Gutteridge, 1978a; Diplock, 1983) . When antioxidant protection of the membrane is decreased or even normal, protective mechanisms can be overwhelmed by increased oxidant stress, leading to premature lysis of the cell. 
Materials and methods

Chemicals
Tamarins
The breeding colony of S. labiatus was established in 1976. The history, accommodation, cleaning and feeding of the tamarins and the methods used in diagnostic bacteriology and histopathology have been described (Taffs & Dunn, 1983) . Blood samples from the femoral vein of sedated monkeys were collected into tubes containing lithium heparin for biochemical investigations and into tubes containing ethylenediaminetetraacetic acid for haematological investigations by methods used in an earlier study of the colony (Hawkey et al., 1983) . In the present 5 month study red cells from 33 animals were examined.
Glutathione peroxidase activity
Glutathione peroxidase (GSHPase) actIvIty was measured at 25°C on whole blood using cumene hydroperoxide as substrate. The method, based on that of Paglia and Valentine (1967) , determined activity as international units per millilitre of RBCs after correction to the packed cell volume.
Red blood cell fluorescence
Heparinized blood was centrifuged at 3500 rpm, and the plasma was removed and stored at -20°C. The remaining packed RBCs were mixed and 0·2 ml were added to 1·0 ml of phosphate-saline buffer, pH 7·4 (3·4 mM phosphate NaH2P04-Na2HP04 in 0·14 M NaCl). 1·0 ml methanol and 2·0 ml chloroform were added and the contents of the glass tubes were vigorously mixed by vortexing for 2 min. The tubes were centrifuged at 3500 rpm to separate the phases. The upper (polar) and the lower chloroform (nonpolar) phases were carefully removed. 0,1 ml methanol was added to the chloroform phase to 'clear' the solution for detection of fluorescence at 360 nm excitation and 430 nm emission. Units, as relative fluorescence intensity units, were expressed relative to a standard of 10-7 M tetraphenylbutadiene as previously described (Gutteridge, 1977) .
Susceptibility of red blood cell lipids to oxidation
when stressed with hydrogen peroxide and tertbutylhydroperoxide Well-mixed blood, 0·1 ml, was added to 0·1 ml phosphate-saline buffer, pH 7·4, in two new plastic tubes (3·4 mM NaH2P04-Na2HP04 in 0·14 M NaCl) and mixed. The tube contents were centrifuged at 3500 rpm for 8 min to deposit the cells. After centrifugation the buffer was carefully removed without disturbing any cells. Phosphatesaline buffer, 1·0 ml, pH 7·4 (as above), was added 141 to one tube of deposited cells for incubation with tert-butylhydroperoxide and gently mixed. To cells for incubation with hydrogen peroxide, 1·0 ml of phosphate-saline buffer, pH 7·4 (as above but containing 8·8 mM azide), was added and the cells were gently mixed. Both samples were incubated at 37°C for 5 min before addition of the peroxides. 1·0 ml of hydrogen peroxide (10 mM in 0·85% NaCI) was added to the azide-buffered cells and 1·0 ml of tert-butylhydroperoxide (10 mM in 0·85% NaCl) was added to the other cells. After addition, the cells were gently mixed and incubated at 37°C for 1·5 h in a shaking water-bath. After incubation, 0·1 ml arsenite (1 M) was added to each tube to destroy any remaining peroxide and then 1·0 ml of trichloroacetic acid (28% wt/vo1.). The tube contents were vigorously mixed by vortexing and were centrifuged for 8 min at 3500 rpm. 1·0 ml (in duplicate) of the supernatant fluid was transferred to clean glass tubes with the addition of 1·0 ml of thiobarbituric acid (TBA) reagent containing 1% wt/vo1. TBA in 0·05 M NaOH. The tube contents were heated for 15 min at 100°C and cooled and the resulting pink chromogen was measured at A 532 nm and A 620 nm. The absorbance at A 620 nm was subtracted from that at A 532 nm and the results were expressed as TBA reactivity (TBAR) units per millilitre of RBCs under the conditions described. All results were corrected to a normal packed cell volume of 51 and a mean cell haemoglobin concentration of 33·7 (Hawkey et al., 1983) .
Results
Clinical and autopsy results
In the 5 month study, 24 tamarins remained healthy, eight died and one (no. 7) had stabilized following treatment of anaemia and wasting a year earlier.
Clinical and autopsy results ( Table I ) strongly indicated that one tamarin (no. 6) died of WMS. This animal became anaemic and emaciated (38% loss in bodyweight, Table 2 ) with muscle loss particularly noticeable around the pelvic region. There was some doubt about classifying animal 67 as suffering from WMS since the anaemia may have been caused through blood loss from a tail injury and loss of weight (15%) occurred over a relatively short period of 13 days, although the animal did become very thin. Interestingly, opportunistic enteropathogenic bacteria (Escherichia coli, Klebsiella) were isolated from the kidney and lung respectively of the two monkeys at post mortem and were probably the ultimate cause of death. Six other tamarins (nos. 92, 98, 105, 39, 82 and 42) lost between 10% and 16% bodyweight during the period of study and, although none showed marked muscular changes and all were in fair or good 
Haematological findings
No abnormalities were detected in the 24 healthy animals or in animals 82, 92 or 105 when they were tested 8-13 weeks before death. Animal 98 was normal until the time of death when it showed slight neutrophilia with a left shift. Animal 39 became slightly anaemic during the study period and at death showed mild anaemia, reticulocytosis, 12% Heinz bodies and neutrophilia.
Moderate regenerative hypochromic anaemia was present in animal 67 throughout the study, possibly secondary to chronic haemorrhage from the tail lesion, and there was a fall in reticulocytes and a marked neutrophilia with a left shift at the point of death. Severe progressive non-regenerative anaemia, slight neutrophilia and very high platelet counts were recorded in animal 42. In this animal there was no evidence of haemorrhage and blood coagulation screening tests were normal. In retrospect it can be speculated that the anaemia may have been caused by lack of erythropoietin associated with renal tubular necrosis, discovered at post mortem. Animal 6 developed hypochromic anaemia during the study period and showed some response to vitamin E with selenium and iron-dextran therapy.
Biochemical findings Glutathione peroxidase. The mean GSHPase value for surviving monkeys in the colony during the period of study was 31·68 ± 5·8 IU/ml of cells at 25°C (Table 3 ). There was generally no evidence of low GSHPase activities among the group that died, although one animal (no. 92) did show decreased activity before death (Table 3) .
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.c (Table 3 ). Among the group that died, the monkey with classical WMS (no. 6) showed a clearly elevated RBC susceptibility to peroxide stress (Fig. 1) . Two others (nos. 67 and 105) had slightly raised values, and a surviving monkey (no. 7) with a past history of anaemia and wasting but which had stabilized on treatment with vitamin E, selenium and iron-dextran therapy showed a marginally raised susceptibility (Fig. 2) . (Table 3) . The most substantial increases occurred in the non-polar fraction, which probably represents products derived from oxidized lipid of the phospholipid membrane. Tamarins 6 and 92 that died and no. 7, a survivor undergoing vitamin and iron treatment, showed marked increases in these non-polar fluorescent products. These appeared to decrease in animal 7 during a period of treatment with vitamin E and selenium (Fig. 2) . Lux, 1968; Stocks & Dormandy, 1971) . The test detects decreased levels of vitamin E within the RBC membrane, such as occur in normal human umbilical cord blood and neonatal RBCs (Abrams ef al., 1973) , as well as qualitative and quantitative chflnges in phospholipids and their fatty acid sidechains (Gutteridge, 1976; Gutteridge, 1978b) . Membrane changes in RBC lipid composition associated with haemolysis following oxidative stress have been reported previously in haemolytic owl monkey syndrome (Brady, Sehgal & Hayes, 1982; Walsh et at., 1982) .
Only one anima] (no. 6), which could with some degree of certainty be classified as suffering from a wasting syndrome, showed an increased RBC susceptibility to oxidative stress. It responded transiently but did not stabilize its haemoglobin or weight loss during treatment with vitamin E, selenium and iron. A]though both the hydrogen peroxide and the fert-butylhydroperoxide oxidative stress test results were elevated above the colony mean value, they did not exactly parallel each other over the period of study, suggesting that the two tests were possibly measuring slightly different variables within the membrane. The non-polar fluorescent lipid material is thought to be a precursor of the so-called 'age pigments'. The increase in RBC fluorescent 'pigments' in one animal (no. 6) may indicate membrane changes preceding the susceptibility of RBC lipids to undergo oxidative damage. In another individual (no. 7), however, increased 'pigment' formation without an increased susceptibility of lipids to oxidize may reflect the stabilizing response, in this anima], of vitamin E and selenium.
In the present study assessment of the oxidative susceptibility of RBCs did not help to predict those animals in the colony most likely to develop wasting or anaemia or to succumb to sudden death during the period of study. However, the markedly raised susceptibility of the RBCs of one monkey (no. 6) to oxidative stress might indicate an important feature of WMS.
As in previous studies on haemolytic and wasting syndromes in monkeys there was no evidence to support reduced RBe GSHPase activities as contributing to the disease (Sehgal et al., 1980; Brady, Seghal & Hayes, 1982) . Selenium is of course an essential component of RBC glutathione peroxidase, an enzyme important for the removal of hydrogen peroxide (and possibly organic hydroperoxides) within the cell. Additional vitamin E therapy has previously been shown to offer some protection against haemolysis in both owl monkeys (Seghal et al., 1980) and tamarins (Baskin ef al., 1983) . Here, too, we observed a beneficial response in certain members of the tamarin colony to Discussion Addition of hydrogen peroxide, in the presence of a catalase inhibitor, to RBCs containing oxyhaemoglobin results in the formation of a powerful oxidizing species able to peroxidize membrane lipids. The oxidizing species generated by ligated ferrous ions and hydrogen peroxide has not been clearly established but it appears to have a reactivity similar to that of the hydroxyl radical (OH·). RBC catalase does not interfere in the reaction between oxyhaemoglobin and tert-butylhydroperoxide, known to produce several active free-radical intermediates (Trotta, Sullivan & Stern, 1982) .
The susceptibility of RBCs in vitro to oxidative stress with hydrogen peroxide has been used as a clinical index in the haemolytic anaemias (Stocks et al., 1972) . The method described here to measure such susceptibility is a simplification of previously described approaches (Bunyan et al., 1960 (Lucy, 1978) or might suggest that some additional oxidative damage involving free radicals is secondary to the unknown primary tissuedamaging process, since it is well known that damaged tissues peroxidize more readily than normal tissues (Halliwell & Gutteridge, 1984) . As has already been reported here, there is considerable evidence of tissue damage and degenerative processes in WMS. Indeed, Brack and Rothe (1981) have reported that mild hepatic haemosiderosis and nephritis can occur in the common marmoset (Callithrix jacchus) without strong evidence of wasting disease. They suggest that WMS may develop only in the advanced stages of whatsoever disease processes are at work.
In 
